From the total time of making traditional Batik Tulis, the pembatikan stage is the most time consuming because there are a lot of mistakes due to lack of carefulness when making Batik motifs on cloth. To overcome the problem of making Batik motifs, this research utilizes the strengths and capabilities of Marker-Based Augmented Reality technology. The development of Marker-Based Augmented Reality applications is done by replacing digital objects with Batik motif images and markers attached to the fabric. Development of Marker-Based Augmented Reality applications using vertex markers to reproduce Batik motif objects in order to overcome the limitations of the reach of hands when making Batik motifs on fabric. Finally, by using a vertex marker on the Marker-Based Augmented Reality application, the Batik Tulis craftsman does not need to draw a Batik motif with a pencil on the fabric because the Batik motif is directly displayed on the fabric surface by the application, so that it is expected to reduce the process time of making Batik motifs compared to making Batik motifs using traditional methods.
Introduction
Batik Tulis has a positive impact on the economy of the Indonesian people. But, to make traditional Batik requires a long process and a long time. The method of making traditional Batik Tulis consists of the stages of pemotongan, pembatikan, pewarnaan, pengeringan, lorod, dan pengeringan. The total time spent in the process of making Batik Tulis was 5,749 minutes. The pembatikan stage is the most time-consuming stage. The time needed at the pembatikan stage is 4,400 minutes. That is, 76.53% of the total time spent on making traditional Batik is spent by the pembatikan stage. The pembatikan stage is the most time consuming because there are many mistakes due to lack of precision when drawing Batik motifs with a pencil on the fabric [1] .
Marker-Based Augmented Reality is a technology that is able to display digital objects into the real world. The development of Marker-Based Augmented Reality sapplications has now become a research trend because it has many advantages. Judged in terms of human interaction with computers, the advantage of Marker-Based Augmented Reality is to provide convenience, maintain collaborative learning, do not limit the flexibility of hand movements, interactive, and maintain the natural interaction of users [2][3] [4] [5] . In terms of the production, the advantage of Marker-Based Augmented Reality is that it can save production time, produce process efficiency, and } increase productivity [6] . In terms of the marketing, the advantages of Marker-Based Augmented Reality are to increase interest, increase understanding of information, and provide real experience [2][3] [7] .
Marker-Based Augmented Reality displays digital objects into the real world based on markers. Markers serve as a system reference to determine the position and orientation of digital objects. So, the Augmented Reality camera will first detect the marker to determine the position and orientation of the digital object to be displayed. By applying Marker-Based Augmented Reality technology, users can interact with digital objects and the real world simultaneously through the smartphone screen in realtime.
The capabilities and advantages of the Marker-Based Augmented Reality technology are used to overcome the many errors of batik when drawing Batik motifs on fabric. Digital objects used in the development of Marker-Based Augmented Reality applications will be replaced with images of Batik motifs. While the marker is attached to the fabric to display the object of the Batik motif on the fabric.
However, the process of making Batik motifs can only be done if the hand can reach the fabric. To be able to interact with Batik motif objects that are in the corners, edges, or any part of large fabric, this study applies vertex markers to the development of Marker-Based Augmented Reality applications. Vertex markers are markers that can be relied upon to reproduce and display pieces of digital objects as if they remain intact [8] . This research utilizes vertex markers to cut Batik motifs as wide as fabric into smaller parts to reach the hands and display the pieces as if they were intact when displayed on the application. Finally, by using a vertex marker on the Marker-Based Augmented Reality application, the Batik Tulis craftsman does not need to draw a Batik motif with a pencil on the fabric because the Batik motif is directly displayed on the fabric surface by the application, so that it is expected to make the process of making Batik motifs more efficient compared to making the motif Batik uses traditional methods. At the maximum range of hands calculated from the age of 10-49 years, the cell size limit that can be used to cutting large digital object is <77x54 cm [8] [9] . Cutting digital objects into many parts is done by referring to the Grid dimensions. The next step is to remove the edge from the Grid, but the vertex is still retained for use as a marker installation guide. Markers in this study used alphabet images. Finally, Vertex markers can be installed to fabric by sticking or printing. Documentation of vertex marker development is shown in Fig. 3 . 
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Testing
Selection of Work Environment and Research Subjects
The work environment where the testing is carried out is at Anjani Batik Galeri. Anjani Batik Galeri was chosen because it has won many awards in the field of written batik, is able to produce more than 200 pieces of written batik per month, and has consumers to foreign countries. While the test subjects are Batik artisans at Anjani Batik Gallery who have expertise in making Batik motifs for at least 5 years.
Design of Test Case for Measurement of Process Time for Making Batik Motifs
The design of a test case measuring the time process of making Batik motifs aims to establish standardization of process elements and the treatment of making Batik motifs. Determination of the elements of the process and the treatment of making traditional Batik motifs is based on the process of making Batik motifs on a daily basis carried out by research subjects at Anjani Batik Galeri. While the determination of process elements and the treatment of making Batik motifs using applications is based on the working principle of Marker Based Augmented Reality technology.
Measurement of Process Time for Making Batik Motifs
The method of measuring the time process of making Batik motifs is carried out by the method of direct observation using the stop-clock method. Where Subject 1 and researchers served as observers, while Subject 2 and Subject 3 carried out the treatment. The test case of the time measurement process of making Batik motifs is carried out by Subject 2 and Subject 3 alternately. The process and treatment elements are carried out sequentially. If one process element is completely finished, only then continue the next process element.
Results
Based on the Fig. 6 and Fig. 7 , the process of making Batik motifs using the Marker-Based Augmented Reality Batik application process elements is shorter than using traditional methods. The process of making Batik motifs using traditional methods consists of cutting fabrics, making sketches of Batik motifs, and copying sketches of Batik motifs to the fabric. While the process of making Batik motifs using the Marker-...
Material:
Objek Motif Batik From the results comparing the average process time to make Batik motifs in Fig.  6 and Fig. 7 , it was found that the process time to make Batik motifs using the Marker-Based Augmented Reality application is much faster than traditional methods. The average time spent on the process of making Batik motifs using the Marker-Based Augmented Reality application is 8.93 minutes. While the average time spent on the process of making Batik motifs using traditional methods is 45.21 minutes. That is, the process of making Batik motifs using the Marker-Based Augmented Reality application can save time by 36.28 minutes or 80.24%. The efficiency was successfully carried out because by using the Marker-Based Augmented Reality application, craftsmen did not need to copy Batik motifs into fabric as shown in the Fig. 9 . The time comparison of the process of making Batik motifs is shown in Fig. 8 .
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End 45,21 8,93 The time process of making Batik motifs using the Marker-Based Augmented Reality application can be much faster because there is no need to make elements of the process of making batik motifs and sketching batik motifs onto fabric. After the fabric is cut, the process of making Batik motifs using the Marker-Based Augmented Reality application only needs to install markers on the fabric. Furthermore Batik motifs are displayed on the fabric surface using the Marker-Based Augmented Reality application shown in Fig. 9 . So as to save time and process elements in the process of making Batik motifs. 
Conclusion
Based on the results, it can be concluded that the implementation of vertex marker in the development of Marker-Based Augmented Reality Batik applications has succeeded in making the process of making Batik motifs more efficient. The process of making Batik motifs using the Marker-Based Augmented Reality Batik application can save time by 36.28 minutes or 80.24% of the time of the process of making Batik motifs with traditional methods. 
